Kinetic analysis of ribonucleic acid chain initiation by Escherichia coli Ribonucleic acid polymerase bound to DNA.
The kinetics of the RNA chain initiation reaction carried out by RNA polymerase bound to the initiator region of a DNA template have been analyzed. Initiation proceeds in a two-substrate reaction in which the initial binary complex (enzyme-DNA) is transformed into a ternary complex (enzyme-DNA-RNA) by formation of a dinucleoside tetraphosphate and release of inorganic pyrophosphate. In this reaction RNA polymerase serves as a reactant rather than acting catalytically. The concentration of the reacting binary complex decreases throughout the reaction; hence steady state approximations cannot be used. Kinetic equations for an ordered two-substrate reaction are derived. These are most useful for the special case of reaction in the presence of an inhibitor of initiation, such as rifampicin. Equations for the latter instance are solved exactly with recourse to the steady state approximation. It is found that measurements of the extent of the initiation reaction determined at different inhibitor and substrate concentrations can give information about the initiation reaction analogous to that obtained in standard steady state kinetic analysis. This theory is applied to the experimental study of the initiation reaction carried out by Escherichia coli RNA polymerase. It is found that the inhibitor rifampicin, which blocks the initiation reaciton, acts by binding to the same form of the binary complex as the nucleoside triphosphate substrate (ATP or GTP) which is incorporated into the 5' terminus of nascent RNA molecule. The binding of the 5'-terminal nucleoside triphosphate to the enzyme appears to be rate-limiting for the initiation reaction under standard assay conditions. Initiation appears to follow an ordered reaction mechanism; however, the order of addition of the two substrates is still uncertain.